ABSTRAK
Tamoxifen, a prodrug, is commonly given to women diagnosed with estrogen receptor (ER)-positive breast cancer. In human body, tamoxifen is metabolized into 4-hydroxy tamoxifen (4HT) and N-desmethyl-tamoxifen (NDT) by the cytochrome P-450 enzyme system, followed by secondary metabolism to 4-hydroxy-N-desmethyl-tamoxifen (endoxifen). 1, 2 4HT is assumed as the primary means by which tamoxifen exerts its anti-breast cancer effect. However, current studies suggest that endoxifen is equipotent to 4HT and significantly more potent than tamoxifen in its capability to bind to estrogen receptor a and b (ERa and ERb), and also in suppressing ER-dependent breast cancer proliferation. 1 Currently, endoxifen is being developed as a novel drug for the treatment of endocrine responsive breast cancer patients. 3 Hawse et al 2 showed that endoxifen had similar actions to selective estrogen receptor antagonist (fulvestrant) with regard to its ability to degrade ERα through proteasome degradation system, to block ERα-mediated transcriptional activation and to prevent estrogeninduced breast cancer cell proliferation. 2 A study was conducted by Wu et al 1 and showed that cells treated with high endoxifen (E) concentrations, i.e. 100-1,000 nmol/L resulted in significant decreases in ERα protein levels. Otherwise, low endoxifen concentrations (20-40 nmol/L) did not induce degradation of ERα protein.
Cancer cell resistance to drugs is one of major issues that developed in the use of therapeutic drugs for breast cancer treatment. There are some categories of mechanisms that promote direct or indirect drug resistance in human cancer cells such as inactivation of drug, alteration of drug target, drug efflux, deoxyribonucleic acid (DNA) damage repair, inhibition of cell death and epithelial-mesenchymal transition (EMT). 4 A recent study showed that exposure of endoxifen 1,000 nmol/L for 15 months induced epithelialmesenchymal transition (EMT) in Michigan Cancer Foundation (MCF-7) cells. Epithelial-mesenchymal transition is a cellular reprogramming process in which cells change their epithelial towards mesenchymal phenotype that lead the cells to alter their shape and show increased motility. During EMT, there are reorganization of cytoskeletal elements including replacement of peripheral actin cytoskeleton and cytokeratin intermediate filaments with stress fibers and vimentin, respectively. Because of this dramatic changes in intermediate filament (IF) composition, vimentin expression has become a canonical marker of the EMT.
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Vimentin, a type III IF protein, is found in normal mesenchymal cells and is known to maintain integrity of cells and provide resistance against stress. 5 Mendez et al 6 showed that during epithelial to mesenchymal transition process, vimentin can cause alteration in cell shape, motility, and adhesion.
The positive correlation between increased migration and invasion of cancer cells and elevated vimentin expression has been found. 12, 13 In the MCF-7 cells, vimentin gene transfection caused increased invasiveness. 13 A previous study demonstrated that invasive breast cancer cell lines expressed more vimentin, suggesting its important role in identifying cases with worse prognosis. 12 Our study was aimed to investigate the effect of repeated exposure of endoxifen with or without β-estradiol to MCF-7 breast cancer cell line on cell viability, morphology and EMT progression through the analysis of vimentin mRNA expression.
METHODS

Study design
This was an in vitro experimental study in a commercially available breast carcinoma cell line, MCF-7; therefore ethical clearance is exempted. This study was conducted in Pharmacokinetics Laboratory, Department of Pharmacology and Therapeutics, Faculty of Medicine, Universitas Indonesia, from March to September 2015.
Cell culture MCF-7 human breast carcinoma cell line was kindly provided by Makmal Terpadu Laboratory, Faculty of Medicine, Universitas Indonesia. MCF-7 cell morphology was characterized by cobblestone-like appearance and strong cell-cell adhesion.
14 The cells were maintained at 37°C in a humidified atmosphere of 5% CO 2 in Dulbecco's Modified Eagle Medium (DMEM)-high glucose supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, 100 µg/mL streptomycin, and 2.5 µg/ml fungizone. Cells were counted, then 10,000 cells were seeded into triplicate wells of 6-well plates and growth was assessed at about 90% confluency, following trypsinisation and resuspension in medium, by direct cell counting using a hemocytometer.
Doubling time and growth curve analysis
Cells were harvested at day 1, 2, 3, 4, 5, 6, 7 and 9. Afterwards the cells were counted and plotted in a growth curve. Cell doubling time were calculated using the doubling time calculation provided in http://www.doubling-time.com.
Drug treatment
MCF-7 cells were plated at 10,000 cells and were treated with endoxifen (100 nmol/L and 1,000 nmol/L) with or without b-estradiol 1 nmol/L in 6-well plates. Endoxifen and estradiol were dissolved in dimethyl sulfoxide (DMSO) 0.001%. Therefore, the control used was DMSO 0.001%. Every seven days, the cells were trypsinized, counted and 10,000 cells were replated in complete medium. Drug treatments were continuously given for four weeks, three times per week along with medium changes. Cell viability assays were done every week. At the end of second and fourth week of drug treatment, cells were harvested and isolated for ribonucleic acid (RNA) and further synthesized to complementary DNA (cDNA) for quantitative realtime polymerase chain reaction (PCR) analysis.
Cell viability assay
Cell viability assay was performed by using trypan blue dye exclusion assay. The numbers of viable cells were counted by trypan blue dye exclusion using a hemocytometer. The results were expressed as percentage of viable cells in given drug treatments relative to the viable cells in DMSO group.
Quantitative realtime PCR analysis
Total cellular RNA was extracted from 1,000,000 cells after trypsinized from six well plates using High Pure RNA isolation kit (Roche, USA) according to the manufacturer's protocol. Further, 1 µg (in 20 µl) was converted to cDNA using a Transcriptor First Strand cDNA Synthesis kit (Roche, USA). Quantitative realtime PCR was performed on 100 ng cDNA using a FastStart DNA master SYBR Green I kit (Roche, USA), according to manufacturer's protocol. As reference, β-actin, a housekeeping gene, was used. Primer sequences used for vimentin: forward primer was 5'-GACAATGCGTCTCTGGCACGTCTT-3' and reverse primer:was 5'-TCCTCCGCCTCCTGCAGGTTCTT-3'; for β-actin: forward primer was 5'-GCTGGAAGGTGGACAGCGA-3' and reverse primer was 5'-GGCATCGTGATGGACTCCG-3' .
A total of 20 µl reactions were performed in a 32-well plate on an qRT-PCR Light Cycler Nano Roche TM by incubation at 95°C for 10 minutes, followed by 45 cycles of 95°C for 20 seconds and 65°C for one minute. The raw quantification cycle (Cq) values were analysed by relative quantification using Livak method to determine normalized expression ratios of vimentin to b-actin.
Statistical analysis
Data collected were cell viability, morphology and vimentin expression. Cell morphologies were presented as figures, and MCF-7 cell viabilities and vimentin mRNA expressions were presented as mean ± standard deviation (SD) of three experiments. Statistical analyses were performed with one-way ANOVA. p<0.05 was taken to be statistically significant difference. If one-way ANOVA showed significant difference, then we proceeded with Tukey's multiple comparison method.
RESULTS
Optimization of cell culture
The growth curve showed that MCF-7 cells had an exponential growth pattern with a doubling time of 24.51 hours (Figure 1 ).
The effects of endoxifen on MCF-7 cell viability
Viabilities were expressed as percentage relative to the control (cells exposed to DMSO 0.001%). Results are presented as means of three experiments (Figure 2 ).
Observation of MCF-7 cell morphology after four weeks of treatments
Observation of cell morphology through inverted microscope with 40x magnification did not show any morphological changes in MCF-7 cells after four weeks. Figure 3 . Morphology of MCF-7 cells after seeding at a cell density of 10 4 viable cells/mL into 6-well plates and grown for four weeks. There was no difference in morphology after four weeks of drug treatment at 40x magnification using inverted microscope. A2, A4= endoxifen 1,000 nM, B2, B4= endoxifen 100 nM, C2, C4= endoxifen 1,000 nM+β-estradiol 1 nM, D2, D4= endoxifen 100 nM+ β-estradiol 1 nM, E2, E4= β-estradiol 1 nM, F2, F4= control (DMSO) Figure 1 . MCF-7 cell growth curve Figure 2 . Effect of endoxifen with or without β-estradiol on MCF-7 cells viability. E1000= endoxifen 1,000 nM, E100= endoxifen 100 nM. E1000+BE= endoxifen 1,000 nM+ β-estradiol 1 nM, E100+BE= endoxifen 100 nM+ β-estradiol 1 nM, BE= β-estradiol 1 nM.
The effect of endoxifen on vimentin mRNA expression
The quantitative data of vimentin was normalized to β-actin as reference gene was shown in Figure  4 . The results are presented as mean±SD of six experiments in three trials.
Vimentin mRNA expression analysis showed that both endoxifen 1,000 nM and endoxifen100 nM were able to decrease vimentin mRNA expression to 0.325 and 0.529 fold compared to control group after 2-week of treatment, whereas vimentin mRNA expression level on endoxifen 1,000 nM + β-estradiol and endoxifen 100 nM + β-estradiol were higher than endoxifen treatment without estradiol.
Analysis of vimentin mRNA expression after 4-week of treatment showed that endoxifen 1000 nM and endoxifen100 nM decreased vimentin expression to 0.650 and 0.871 respectively, relative to control, whereas endoxifen 1000 nM + β-estradiol and endoxifen100 nM + β-estradiol showed vimentin mRNA expression levels of 0.990 and 1.251 respectively.
DISCUSSION
This study was aimed to analyze the effect of endoxifen with or without β-estradiol on the mechanisms of EMT in terms of vimentin mRNA expression. The addition of β-estradiol in this study was intended to resemble estradiol levels in breast cancer patient. 15 We used very low concentrations of DMSO to dissolve endoxifen and b-estradiol, this is the reason why we chose DMSO as control. DMSO might have toxic and modulatory effects on cells, http://mji.ui.ac.id however, a previous study on MCF-7, RAW-264.7 and HUVEC cells suggested that DMSO up to 0.5% had little or no toxicity. 16 One of common methods of establishing resistant cell lines is to use low-dosages intermittent incremental inducement with various and inconsistent dosages. 17 However, this method requires a relatively long time. Louie et al 18 required six months to make tamoxifen resistant MCF-7 breast cancer cell lines, while Hawse et al 3 required 15 months to make endoxifen resistant MCF-7 breast cancer cell lines. In this study, we would like to observe whether short-term exposure of endoxifen, which in this study was four weeks could result in a similar result as the longer one. In this study we did not use increment dosage of endoxifen. A study on drug resistance showed that antibiotic treatment in subtherapeutic levels in the long term would lead to resistance. 19 We used high doses of endoxifen (1,000 nM) in our study, based on the result given by Wu et al, 1 which showed that low concentrations of endoxifen (20-100 nM) did not affect cell viability in the presence of estradiol in MCF-7 cells.
Analysis of cell viability after 4-weeks of treatment demonstrated that endoxifen 1000 nM was more effective than endoxifen 100 nM in decreasing cell viability. As shown by Wu et al, A=vimentin mRNA expression in second week; B= vimentin mRNA expression in fourth week. *p<0.05 compared to control group (DMSO) after transformation, one-way ANOVA followed by Tukey test endoxifen 100nM. Cells that received estradiol showed an increase in viability compared to the endoxifen only. In our study, increase in cell viability occurred after 2-weeks of endoxifen 100 nM + β-estradiol exposures as compared to DMSO. This result indicated that endoxifen 100 nM was unable to suppress cell viability inducing effect of β-estradiol.
Vimentin mRNA expression analysis showed that endoxifen only (endoxifen100 nM and endoxifen 1000 nM) decreased the expression stronger than endoxifen + β-estradiol. Previous results had shown that addition of β-estradiol could increase vimentin expression. Experiments conducted by Dong et al 20 demonstrated that estrogen could induce metastatic potential of thyroid cancer cells by increasing vimentin mRNA expression. Jimenez-Salazar et al 21 showed that 1 nM β-estradiol elicit c-Src activation after 15 minutes. The p-Src/ZO-1 complex caused disruption of ZO-1 and ZONAB at the tight junction. In addition, these changes were correlated with the reduced expression of epithelial markers.
21 Figure 4 shows that endoxifen 100 nM given concurrently with β-estradiol increased mRNA expressions of vimentin compared to endoxifen 100 nM only. However, the mechanism of this increase has not been clearly elucidated. EMT is a process where epithelial cells change into mesenchymal cells that are characterized by increased vimentin expression. Vimentin transfection to epithelial cell, which was conducted by Mendez et al 6 showed a change in the shape of cuboidal epithelial cells into mesenchymal cells. These results prove that vimentin has a role in the change in cell shape during EMT. Observations of cell morphology through inverted microscope with a magnification of 40 times showed that there were no morphological changes in MCF-7 cells for four weeks.
Based on the results of this study after four weeks, repeated endoxifen exposure was supposed to induce EMT, which was characterized by a relative increase in vimentin mRNA expression and the addition of β-estradiol could augment mRNA vimentin expression due endoxifen exposure. However, in this study, morphological changes in MCF-7 cells did not occur. This might be due to a relatively short time of drug exposure, as compared to the study by Hawse et al 3 (15 months) . The vimentin expression in our sudy was still below the control, except for the combination of endoxifen 100 nM + β-estradiol, while the study by Zhao et al 22 showed that increase in vimentin expression was about five times in cells treated with estradiol that resulted in morphological changes from cobblestone appearance to spindleshaped cells.
In conclusion, four week endoxifen 1,000 nM exposure was the most effective in suppressing breast cancer cell proliferation. Repeated endoxifen exposure up to four weeks might induce EMT as characterized by the relative increase in vimentin mRNA expressions, while the addition of β-estradiol could augment the expression of vimentin.
Therefore, we suggest that in long-term treatment of endoxifen in breast cancer, regular asessment of resistance marker such as vimentin is needed, so that the treatment can be optimized.
